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AESTFACT 

Feedback management in an individually=-paced 
instruction system can be mathematically analyzed by the use of 
computer simulation models* Because of the student "down time" or 
waiting time associated with individualized instruction situations, 
reinforcement activities have been reduced to less than ideal levels. 
By proper time management the student is insured of making at least 
average continuous progress through the curriculum while receiving an 
acceptable level of reinforcement through the successful completion 
of tasks. This theoretical study used DYNAMC II programing on an IBM 
360 computer to run several simulaticn models. In each case the 
pacing variable wa^ found to be of primary importance to the success 
Of the overall instructional system- (MC) 
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Abstract: Many conteinpo^ary developTOants in instruction use behnvorial 
models of the learning process which demand fepetitive application of 
a Series of events to each student. These events - sunimarized by such 
tertns as prescribe j instrueCi evaluate! ^ require a sot of decision 
rules or procedures which the teacher may use to ininlmlze delays in 
student progress J To date, problems associated with the rnanngement 
of such systems have been dealt with primarily by prescription and not 
by analysis of relationships inherent in the instruction model. This 
pape^ illustrates the use of feedback Control theory in the analysis of 
one such Instruetion systems The dynamlca of that system are eKamtned 
and several management practices are discussed and tested thafough 
simulation of the operation of the instruction system* 
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Behavior a 1_ Ap pr oac hes to Ins true t i onj Mana geme nt Pr ob lofna 

The behovioral models of learning undeK lying many systems of 
individualized instruction used in schools todny are ropresented by 
the set of procedures or stepa whereby the atudent is rnoved through the 
aubject matter. These steps are, in general, analaguous to the events 
encountered in prograrmed instruction sequences and in the operant 
conditioning paradignip As in prograramed Instruction , subject matter 
is divided Into small units arrayed in a sequence defined by the int- 
ernal order of the Subject matter* These units or tasks are presented 
to the student requiring his response to questions or other stiniull 
and his work is evaluated following each task. If the student cnmpletea 
a task successfully J he is allowed to continue to the neKt task in seq- 
uence much as he would were his learning managed by a computer-^con^ 
trolled programs 

In addition to the sequence of steps derived from prograimned 
instruction^ IndtvidualiEed instruction syatems make use of rein- 
forcement principlei derived from operant conditioning.. The above 
instruction model of prescribe ^ teach j student responds ^ evaluate 3 is 
augmenttd by some form of reinforcement following acceptable student 
responses^ This reinforcement may be In several forms such as con- 
firmacion of correct responses , teacher praise or presentation of 
eKtrinste relnforcers. The resulting steps in the instruction are 
diagra™ied as follot-ys? 
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FIGURE 1 
A Typical Individualized 
Infltruetion Sequence 
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This aequcincD sufifiosts several essential provisions ^^hich the 
teacher must raake if the instruction of several students is to proceed 
Smoothly* First, the tasks assigned students must be matched to their 
level of performance s The ^'operant level^* of each child^s ecademlc 
behavior itiust be measured and charted over time to serve as a guide 
for determining the student's capacity to respend to ins ti'uctional 
tasks. Second, evaluation of student performance must be based on 
measured task outcomes and must follow his behavior as closely as 
possible in time* Finally, the tutorial or remedial assistance givGn 
students with learning difficulties should be orsanized to bring the 
student back into the instruction '^mainstream'' with as little lost 
time as possible^ 

The sequence also points to classes of behavior which must be 
organized and managed in implementation of an instruction model of 
this type in the classroom. These behaviors relate to assignment 
of tasks ^ task performance, teacher help, and evaluation* In most 
applications, these activities involve some functional division of 
labor among Instruction staff* Thus^ teachers may take major respon- 
sibility for task assignment and assisting students while teacher's 
aides may carry out evaluation and reinforcement management functions* 
In any event, a finite amount of staff time is allocated across several 
instructional aetlvltles with the objective being smooth and continuous 
student progress* 

Once the above activities are set into motion in a particular 
milieu, certain logistical problems arise which make the attainment of 
the student progress bbjectlve difficult, if not impossible. As children 
move through their work^ they may encounter delays due to needs for help 
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in completing tasks, unavailability of teiicher assistance at j;iven tlm 
and actual loss of task ttnie whllo rccGiving assistanco* Aftar coni^ 
pleting tasks, studGnts niay be dalayGd in wnitin^ for the teachar or a: 
to evaluate their work and wills of coursa, forfeit the tinia required : 
actual evaluation^ Reinforcement activities may pre 'uee no delays in 
student progress through the instructional events^ but the asstsnment 
of new tasks followinj roinf orcement may result in delays much like 
those associated with teacher assistance. 

In short J individualised instruction systems tend to generate 
waiting lines, Thase lines represent student 'dotm time' and a lack 
of productivity both individually and collectively. It seems intuitive 
obvious that these problems can be solved by some mix of change in tasl 
time, ralnforcemsnt and evaluation practices, or In allocation of teacl" 
and aide time, a more nearly optimum student behavior pattern may reeul 
Unfortunately,^ intuition is unlikely to produce the desired solution 
and may enhance the conditions making for system problania. (Forrester^ 
1950^ ch, 6) Clearly, a mode of analysis is needed which takes into 
account the Interdependencies among instructional events and the fact 
that decisions made in present time may result in changes in student 
and staff bahavlor which may not be observed for several cyc^s of the 
Instructional process. 
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Feedback Control in Instruct ion 

The link between the learnins of individunl students and ths 
over-all operation of an instruction system lies in the apport iomiiGnt 
of tirne to student learning taskss As Cnrroll (1963) notes ^ . , ."the 
learner will succeed in learning a siven task to the extent thr.t he 
spends the amount of time that he needs to learn the taskj'p* 725* 
Once a task has been assigned to a student j learning is determined by 
factors peculiar to the task on one hand and to the student on the other 
both factors are, in turuj observable in the instruction syBteiTi in terms 
of time* 

- Tasks are representative of varying levels of internal difficulty* 
This Sets lower limits on tho time needed to complete a given task* 
Presuniablyg each task has associated with it a probability distribution 
which eKpresses the llklihood that the task can be completed in a stated 
time period* Slmilarlyj student capacity to complete tasks varies from 
one child to another* If task difficulty is held constant ^ some 
students are more likely to eKhibit rapid task completion while others 
are slower to finish assigned work. 

It is the function of the teacher and her assistants to Insure that 
each child has a task assignment within the range of his capability* 
This Is done by observing completion times and error rates* By mini- 
mizing error and holding to an average completion times the teacher 
Insures thmt each student in making at least average continuous progress 
through the curriculum and is, at the samcs time, receiving a leval of 
reinforcement through successful completion of tasks. 

The attainment of optimum allocation of student times to tasks is 
carried out in the Instruction system by manipulation of staff behavior. 
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By moving staff cctivity from one function - such evnluation - to 
another - such as te^.cher help - the teccher attempts to arrive eit 
a controller inovGmGnt of studGnts from one activity to another with 
minimum lost timQ, This is accomplished by a feedback of inform^.tion 
to control te^^.cher and aide behavior, Llks other control problems i 
the teochor is using information about some feature of the instruction 
system to alter one or more of Its dynamic aspects so that a system 3oal 
can be attained. To see how this Is done, let us look more closely at 
the instruction process as a feedback system* 

Individualizad instruction Is characterized by a flow of students 
from one class of activity to Qnother, In the system described earlier, 
students may be working on tasks ^ waiting for or getting help, waiting 
for or receiving evaluation ^ orj finally ^ waiting for and receiving 
mastery testing. Each of these classes of sictivity are levels in the 
instruction system. They represent the descriptive cateoorles a teacher 
or observer would use to picture the condition or state of the system if 
all movement were brought to rest. Levels also generate the data the 
teacher uses to manage the system* By observing the numbers of children 
in the various activities ^ the teacher infers needed change in system 
Operation practices . These changes are brought about by control over 
movement from one level to another. 

The student Tnovements which Increase and decrease the numbers of 
pupils in levels are called flows » Flows are expressed In numbers of 
students per minute or other tline unit. Flows are central to system 
management for they are the points whare teacher coiitrol Is felt. For 
eKample, by controlling the size or difficulty of tasks assigned the 
teacher can influence the flow of atudents who complete tasks* 
This is represetited in Figure II: 



FIGURE II 

Flow and Level Disgrtiinf 
Tasks in Progress 




In Figure II ^ the dotted lines shot? information links * The means 
for controlling the number of taska in progress is suggested by the flow 
of Information through "task aSiign policy'* to alter the flow of newly 
assigned tasks (ASGN), However, instructional actiylty is not completely 
under the control of the teacher. The triangle labelled "performance" In 
Figure II refers to a parameter of this simple syitem which Is the 
statistical performance capabilities of students on tasks* The performance 
parameter controls the task completion rate (COMP) and has a restrictive 
effect on the Smooth flow of aislgned work to completion desired by the 
teacher. The resulting behavior of this system can be simulated by a 
simple mathematical procedure (Forresters 1968), 

To analyie the dynamics of models like that pictured In Figure II we 
need to express the human "physics" of instruction in a mathematical language. 
This is done by preparing difference aquations which account for the flow 
of tasks through the assignnient, In-progress at a given point in time (time k) 
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Is given by tha Bum of tasks In progress at prior to time k (tima j) plus 
the new flow of assignmant und con^lctloii occurring between time j and 
time K# This intervening period is labelled (DT) and is equivalent in 
our analysis to the use of ''dt'' or "delta time" in formal mathemsticnl 
notatlon# The resulting equation describing the condition of the TASK 
level is I 

(1) TASK^ « TASKj + DTCASGNj^ - COOT^j.) 

In order to cotnplete a matheniatical description of this systeni, we 
must also specify the ways the two flows (ASGM and COOT) are cletermined* 
For purposes of illustration, we assume that there is a constant aasignment 
rate for new tasks equal to 10 tasks /day. This number is derived from 
a time sampling of actual teacher behavior in an elementary school where 
five teachers manage the InstructiQn of some 180 students* Observation 
of iQarner performance in the same setting indicates that the time students 
Spend on tasks is normally distributed with a mean of 7 days and a standard 
deviation of 4 days. To arrive at momentary performance rate in our system 
simulation^ we sample from this distribution. The equations repreicnting 
these system controls are: 

TASK ^ 100 Cinitlal value) 

ASGN^]^ ^ 10 tasks /day 
(2) CONP^i ^ TAKSs/REST. 

REST^ ^ FIFGECPERF^, 7, PERF^, 1) 

PERF^ ^ NOmN (7,4) . . 
The use of the term REST in the above equations , is as a duimi^ variable 
to restrict sampling from our normal distribution to positive values. The 
NORMN statement is the approprtate Instruction for computer sampling of 
the itatlstlcal distribution of student task performance. times. 
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Tliis simulation and others roported In this paper, was carried out - 

using DYNAMO II on the IRM 360 computer (Pugh, 1970). The results of a 

typical simulation run on this simple model are showii in Plgure III. 

FIGURE III 
ResponSG Curve For TASK 
Level, Constant Input 
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The analyaii of the aystem dymamics pictured in Figure III suggest 
some important propeifties of the system with regard to its response CO 
atteffipts at eontrol. Control j we reaall, is exercised in this system by 
adJustTOent of the aiaignment rate (ASGN). In this simulation^ assignment 
rate is constant at ten tasks /day s The resulting behavior of the system * , 
ai faprasented in the number of tasks in progress (T in Figure III) * varies 
around tha value of iixty (60) tasks* This result is^ of course, dependent 
entirely on the i ample values of student completion time (COOT) and is 
heavily influenced by an initial extreme value for complation tim.e where 
dramatie reductions in the number of tasks in progress are experienced , 
However J following that eKtreffie value , we see that assignment rate and 
completion rate are nearly in balance. To balance this system completely^ 
it would be naceesary to adjust assignment rate to student average task 
performance time which was observed to be 7 day /task. 

To see how control adjustment might be made in the above cases let's 
examine the defining equation for COOT more closely. In the set of 
equations (1) we see that COOT is defined asi 

COOT^^j^ ^ TMK,^/RESTj^ 
vihere RESTf^ is the sample value of task time suitably restricted to positive 
values* If we let RESTj^ ^ 7 days -» the average value of our task time 
distribution * we can compute the average value of the COOT flow given a 
particular level of taoks* For example, If we presently have some 40 tasks 
In progress, our completion flow will be very nearly 6 taika/day, as: 
COOTj^j^ = 40 tasks /7 days ^ 6/task/day 
Thus, we could bnlnny^ onr simple tiyatcm to Goncinue with approKlmately 
40 tasks in progress at any time by adjusting our assignmant rate to 
fipproKiinntely 6 tasks per day^ We have eisentially adjusted inflow to equal 
outflow in order to control this simple system. 



n 



ERIC 



Ins truetlQn D3mamlcg 

Obviously, the above control example Is far too slMle in that is fails 
to account for iubsequant events in the instruction cycle and for Che flow 
of students through other stations and activities in the classroom* This can 
only be done by an eKpaniion of our simple instruction model as illustrated in 
Figure IV. 
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Tha iymbollsra of Figure IV is shoien to repreient the claisroom 
aetivlttei being modeled, 

ASGN m taak assignment rate (teacher eontrolLed) 

TASK ^ tasks in progress 

CGbT « task completion rate (eontrolled by students) 
EVAL = tasks being evaluated 

BEDO = tasks needing additional work (controlled by student 
errors in task work) 

SPEC ^ special helo request rate (controlled by student 
learning probiems) 

TEST - tanks ready for test rata (controlled by adequacy 
of student task Derfortnance) 

EXAM ^ task being tested for mastery DerforTnanee 

PASS = task tDastery rate (controlled by student TOastery 
test perfonnance) 

FAIL = mastery teet failure rate (controlled by itudent 
mastery test performance) 

REMD ^ tasks receiving remedial assistance from staff 

DONE ^ rate of comTjletion of remedial work (controlled by 
itudent learnins i^erformance) 

TOTL ^ running total comletd'i by all students 

The Byetem equciulons which express the dynamic relationshipa 
In rht*i Inntructlon systeai are shown In Figure V. 
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FIGURE \/ 

Simulation Equations 
First Run 



I TASK.K-TASK.J+UT*(A3GN-JKtRfTDD.JK-CCWP.JK) 

N ■fASK.-.i'';o 
R ASGN.RL=2^f 

R CCf-'P,KL=rASK.K/REST.I< 

A RE:Sr.K=f:iPGi:(PEnF,K,7,PERF.K,l) 

A PFH^.K^NORMn/J (7t33 

K DCK[;.Kl.^ROf-'D,K/RHEI.,K 

A rfiLP.Ki-NaRMRM (2 , .4) 

R TEST,KL^n£;LAYa(fiyAL,K,,CV,)«.f30 

H SP!:C„;<L«DELAY3(fciVAL.K,„C^)*,n3 ' ' ' 

L R£^'^,K-REf^lP,J^=DT«(SPCC.JKvFAIL,JK = DGNE.JK) 

N R GND-0 

L t^>^^'^.!<='EXAH.J IDT^JTEST. JK-FAIL.JK-PASS.JK) ^ 

N EXAi'-l-'O 

R PAIL- K I =tDGL A Y 3 I FXAM . K , ./j } « . 1 0 

K PAi,S*KL = rjeLAY3{LXAM,K, .4)*.gO " ' "^^ ' ' ' ' ' ' 

L TnTi. .;<=rorL,j+DT*iPAss.jK) 

N VOTL-0 

SPEC CT", l/L [INGTH= iOO/PRTPPR«?/PLTPER = 2 ' 

PRINT TASKfEVAL ,RGMD,EXAM,TaTL(3,2) 

PLUT TASK«r/Rf:f.lC=R ,KXAM=X, LiVALaP/TnTI =L 

RUN IMPACT Monr-L ' 



tXPONiiNT OVb-RFLOW IN fiUN POR SPGC. 363 AT TIME « 0,7 
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In this see ©£ aquatlosii, FIFGE and NOWffiN serve the limiting and 
sacipling functioni discuaaed earlier, DEIAy 3 Is a thlrd-arder delay or 
"pipeline" delay whiah preducM an output change equal to alterationa in 
input after a given delay time (Farrester, 1968, p. 8-23), SPEC, PRim, 
PLOT and HUN are eoraputer instruetloni for earrying out the airaulacion 
^and tabulating results, _ 

Note, alao, that a iecond probability aampling has been Introduead 
into the set of system equations. The outflow from system remedial 
activities (DONE) is controlled by aampling from a normal probability 
distribution of mean 2 days and standard deviation of ,4 days. As la 
true for other system parameters, these valuea are determined by time 
sampling of actual student performance on remedial work in the eKperlmental 
classroom. In several caaea have also added '-dut^gf*' variables to 
assist in cpntrolllng the rMge of variation of certain system variables - 
this is the case in the use of I^LP in the above set of equations. 

If %3B begin our almulatlon with all 190 students in the TASK activity, 
and assign new tasks as the rate of 24 tasks /day, we produce the system 
dynamics graphed in Figure yzm 

Two significant ©bservatlens can be drawii lium the dynamics shorn in 
Figure VJ. First the system quickly eitabllshes a nuntoer of studenti in 
the remedial activity (REMD) and keeps this number relatively constant 
during the entire 180 day aicaiUtion period. This behavior correspondi to 
observations made by the authors in several indlviduallMd inetruction systems. 
Same studenti, due to their incapacity to progress at some minimum rata are 
always in a remedial "loop" in tha instruction cycle* This Is generally an 
activity which allows the teacher to prompt desired behavior and, in effect, 
to "carry" stirfents along with little active student engagement with 



FIGURE VI 



Complete Instruction System 
First Simulation Output 
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subject fflitt^ra 

Second, the total number of tasks being processed In tht syicem is 
incraaeed during the 180 day aimulation pirlod. Beginning with 190 tasks 
(or one task per studgnt) In progress at the beginning of the similation/ we 
see a steady inertase so that the total tasks in progress exceedi 250 tasks 
later In the ilmulatlon. This is due to the constant assignment rate of 
24 tasks /day and to ths fact that the completion rate is unable to keep 
pace with this Input of work. The result is that the system is overdriven 
and some students in the eKperimental classroom have more than one task in 
progresi at a tima. 

The latter point Illustrates the importance of pacing controls in those 
initruction systemi based on individual prooifess through curriculum materials^ 
Unless pacing is closely geared to student performance capabilityp those 
systems will quickly load students with task materials and increase the pro* 
bability that the resulting pressure will lead to student failura in task 
perforrnanoe (Siegel and Wolf, 1963), Overdriving the instruction system 
also runs counter to the research base underlying Individualized instruction. 
Student performance is ©ptimlaed only by arranging for individual student 
mastery of each task prior to assignment of additional work. Under over-* 
driven conditignSi this basic condition cannot be met* 

Clearly, these features of the system ought to be corrected, in the 
interests of attainment of system ought to be corrected in the interests 
of .attainment of system objectives. An attempt ifl made at this in Simulation 
11, Here we alter the pacing rule to conform to our notions of appropriate 
individualized instruction practices, now assign, not a standard daily 
rate, but only tasks for those studants who have succass fully completed 
mastery testing, , 
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This alosas the syatam and inauras that only one task will be 
aiiigned to each student. We expreaa this new policy In the follow?* 
Ing set of system equationa in the statement for ASGN and Its 
associated ^'duim^'* variable DIFF* 

Equations (4) are the eomnlste set of computer Instructions 
used for our ascond try at making our instruction system perform 
up to Specif icatlona* Note that the equations defining ASGN and 
DIFF accomplish our new instruction manogetaeat *:policy goal. Firsts 
the PIFGE limit on ASGN insures that this flow will always be either 
positive or zero. Second, the equation for DIFF guarantees that the 
new task added to the TASK level will crorespond directly to children 
in a way that our first simulation falls to allow* DIFF li a state- 
ment for the difference beti'^een the number of tasks (children) in 
all of the system levels and the total number of children in the 
system (ISO), Thusj if all students are currently engaged In intern 
activities, no new tasks are assigned. Only when fewer than 190 
tasks (studenti) are present^ in the total of all the 1mvwL% do we 
find a positive value for ASGN, 

Now, let's See if this change brings us closer to our design 
objectives. Study the simulation output in Figure VIII (page 19)* 
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FIGURE VII 

Slmulitlon Equations 
Second Run 



L TASK,K-TASK. J4-DT*{'ASGfU JK + REDa,JK-CQHP, JK) 

N TASK=190 

R ASaN.KL-FIFGE{OIFF.;<,0,DIf I- .K,0) . . 

A DlFH,K=190-rAS;<.K-EVAl..K-eKAM.K-RED0.K 

R CCMP.Kl-TASK.K/REST.K ' 

A REST,K = FirGE( PERF.K, 7,PERF,K, 1) . . . . .. 

A PERF,K=NnRHRN ( 7,4) 

I EVAL J< = EVaL. J+DT<MCOHP. JK + DONE.JK-TEST. JK-REDC. J:<-SPEC,s 

N EV Al. = 0 

R REOa,KI.=EVAL.K«, 15 

R TESr.KLsEVAL.K^.OO 

R SPEC,KL = EVAL.K«.05 _ . , . , . 

9: DONc.KL-!'fc','-"D,K/HELP,K 

A l-ELP.K=NaRMRMi2,.4) 

L REriO,K«RE,MD,J+DT*lSPEC. JK^-FAIL.JK-DONE, JK) , , ... . . .. 

N RE^•.D^O 

I. EXAM,K=E5<AH,J+DT*(T£ST. JK-FAIL. JK-PASS. JK) 

N ^ EXA^SsO . .^........^ = 

R" PASS.I<L=DELAY3{EXAM.K,.4)*.90 

R FA!L.KL=DELAY3(EXA,M.i<,.4)«.L0 

L TOTL.K=TOrL,J + DT*{PASS,JK) . _ . .„ 

N TQTL=0 

SPEC Dr=.l/LENGTH=iaO/PRTPER=2/PLTPER=2 

PRINT TASK,EVAL,nEMO,6XAM,TOTL(3»25 , 

PLOT TA5K^T/Rf:,MDsR, EXAM«X, EVAL-e/TOTt«L 

RUN IMPACT MODEL 
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FIGURE VIII 

Complete Instruction System 
Second Run 
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Thii change in aiSignment policy brinsi the oucput of the iimulation 
within reasonable values. By Gontrolling the total nuffiber of talks sueh 
that there li only oni task per itudent at a given tima, we have avoided 
the overdriven eondttlon observed earlier. If we make a spot check of 
the total number of tasks in progress at any given day in Figure II, we 
will observe that the total is always 190 - which corresponds to the total 
nurnber of itudents In the simulated system. Alio, the loading of the 
ieveral instructional activities are relatively uniform over time. Despite 
conttnuDus variation in each of the Xavels, there are no unwarranted 
excursions In any level. VJe can therefore say that the system is under 
control for all practical purposes.. 

However, the simulation does not permit attainment ^f the earlier 
pacing goal* Note that the total number of tasks attained in the 180 day 
almulation period is approKiinately 3000. Thlf li a good bit less than the 
4000+ tasks the systun had to complete if every student were to master a 
year's worth of work in the traditional sense of uniform pacing. The 
reason the system is unable to realise this goal. is that the pattern of 
student task completion Is unequal to the rate necessary. This means that 
any attempt at more complete control of the system has to center attention 
on the rate of student performance and reduce the mean time associated 
with task completion* In fact, soma way must be found to reduce mean 
completion time to the order of 3-4 days /task is the goal of 400&f tasks 
completed Is to be attained by the end of the 180 day period. This re- 
quirement has been verified by trying alternate normal diitrlbutlDne with 
aevcral maan values (Miller, 1972), 
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C^gncluslon 

It may b© helpful for the reader to think of the previous eKai^le 
as an instance of edueatlonal engineering. What we have done iS| In 
faat, quite similar to the engineer 'e approach to a system control 
problem. We have shoTO ti?at a working instruction system can be modelled 
andi further^ that such p model can be analyied to determine the utility 
of certain control policies. In the eKample illustratedj the results of 
simulated control policlei were shared with teachers working in the 
eKperimental classroom and were the stimulus for change in pacing practices. 
An Instruction design has been "engineered" so that its management 
practices are In accord with our best estimate of the human "physics*' of 
learning * 

Control problema like these peculiar to Instruction are found in large 
numbers throughout human organizations . By treating them as engineering 
problems we are likely to take into aceount multiple causation as expreased 
in the interdependencies among a large set of organizational variables. 
The general framework for this approach to organization management has 
been developed by the authors (Anmientorp and Foster i 1973), By building 
on the organlEation engineering perspeetlve (Porroater, 1961) p a large 
number of compleK educational problems can be analysed to determine the 
likely effects of proposed management practices and changes In educational 
policies. 
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